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Addition of antibodies against sapecin to the culture medium of NIH-Sape-4 cells derived from a Surcophfcgcc embryo greatly inhibited cell 
proliferation. whereas addition of sapecin stimulated cell proliferation. These results suggest that sapecin is involved in the proliferation of 
embryonic cells of Srrrcophgu. Sapecin is known to have potent antibacterial activity, so it seems to have two different biolcgical functions: i.e. 
protection against bacterial infection and stimulation of embryonic cell proliferation. 
Sapecin: Growth factor; Embryonic cell; Sarcop/~uga pewgrim 
1. INTRODUCTION 
Sapecin is an antibacterial protein of Sarcophaga 
peregrina (flesh fly) consisting of 40 amino acid residues 
with three intramolecular disulfide bridges [l-3]. It has 
a more potent effect on Gram-positive bacteria than on 
Gram-negative ones [I]. Its primary target is thought to 
be the bacterial membrane, because it preferentially 
binds to cardiolipin in the membrane [4]. In fact, an 
Escherichiu co/i mutant with a defect in cardiolipin syn- 
thesis was found to be more resistant to sapecin than 
wild type E. cob [4]. Sapecin was originally purified 
from the culture medium of NIH-Sape-4 cells [l]. an 
embryonic cell line of Sarcophaga, and was subsequen- 
tly found to be induced in the larval hemolymph in 
response to body injury [2], like other Sarcophagu de- 
fense proteins such as Surcopitagu lectin [5] and sarcoto- 
xin I [6]. Therefore, sapecin is also likely to be a defense 
protein protecting this insect frcm infection by pathoge- 
nic bacteria invading through a damaged body wall. 
of the discs in an autocrine manner [9]. From these 
findings, we proposed the new concept that some insect 
defense proteins play at least two independent roles, in 
defense and in development [lo]. 
This paper describes the stimulating effect of sapecin 
on proliferation of NIH-Sape-4 cells. The results indi- 
cate that sapecin also may have dual functions, to kill 
invading bacteria and to stimulate cell proliferation dur- 
ing ontogeny. 
2. MATERIALS AND METHOD 
2. I. Ceils ~trd cd/we rmtliu 
Northern blot hybridization using sapecin cDNA re- 
vealed that the sapecin gene is expressed twice during 
the life cycle of this insect without any outside stimulus: 
first in the embryonic stage and again in the pupal stage 
[2]. Thus its expression is similar to those of the genes 
for Sur~u~liogc~ lectin [7] and sarcotoxin I [8]. We stu- 
died the role of S~~t~upirtrgu lectin during the dcvelop- 
mcnt of S(rrc~~l)/tcrgcr, and found that this Icctin is essen- 
tial for the dcvclopment of imaginal discs; namely. in 
the pupal stage, dcvcloping imaginal discs secrete S~V- 
~o/J/I(/~N lcctin and this stimulates further dcvelopmcnt 
The S. pwzgrirw embryonic cell line NIH-Sape-4 was used through- 
out. Usually the cells were cultured at 25OC in M-M medium [II], 
which contained yeast extract and lactoalbumin hydrolyzate. The cells 
proliferated well in this medium and rcleascd sapecin. as described 
before [I]. In experiments on the effect of cxogeneously added sapccin 
on cell proliferation, we used Grace’s insect medium (Gibco) supple- 
mentcd with 3% fetal calfserum (KS). 120 ‘J/ml of penicillin G. 0.5 
rng/ml of streptomycin and I20 U/ml of nystatin. because cells could 
not proliferate in this mcdiutn or produce sapccin, but remained via- 
blc. 
Sapccin was purifcd from the culture medium of NIH-Sapc-4 cells 
as dcscribcd before [I]. about I mg of sapccin being obtained frotn 2.5 
liters of culture medium. Antibody was raised against sapccin in male 
albino rabbits. As sapccin is a small protein. for this purpose WC coated 
2 mg of rcvcrsc-phase column packing material (Silica g&C,,) with 
200 pg of sapccin and injcctcd it with complctc Freund’s adjuvant by 
the method of Flyg ct al. [l2]. A booster injection of 2OOpug ofsapccin 
in incomplctc Frcund’s adjuvant was given I4 days Inter. animals wcrc 
bled 7 days after the booster injection. and IgG Was purilicd by the 
method of McCauley and Racker [l3]. Sarcotoxin IA was synthcsitcd 
chemically as dcscribcd bcforc [14], 
~brr~.~/J~JJlf/~/J~~ fddJ’CT.V: s. bk,tOri. Ikdt,' Of )‘h;lflllaCCUtical SciCll- 2.3. ~k~c’triJ/J/l~Jr~.~i.~ tld iJJlllJJlll~lh/~J~~itl~ 
ccx. Utlivcrsityof’rokyn. Uunkyo~ku.Tokyo I II. Japan. Fax: (Xl) (3) Elcctrophorcsis on SDSq~olyacrylamidc sl;~b qcls was carried out by 
S6HJ-2373. tllC IllClh~d of LilCllllllli (IS]. SkIlllplCS b GC dcn;~turcd by hC;ltittg tlrc111 
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Fig. I. Specificity of the antibody against sapecin. NIH-Sape-4 cells 
were cultured in M-M medium for 4 days. The culture medium was 
subjected to SDS-polyacrylamidc gel electrophoresis. and proteins 
were transferred to poly-.inylidene difluoride membrane filters. The 
blotted filters were treated with anti-sap&n IgG, and then probed 
with radioiodinated second IgG to detect sapecin. A. Coomassie bril- 
liant blue staining of the SDS polyacrylamide gel. B. Autoradiogram. 
Lane I. authentic sap&n (50 ng); lane 2, protein in the culture medium 
(IO pg). Molecular mass standards (kDa) are shown on the left. The 
arrow indicates the position of authentic sapccin. 
for 2 min at 100°C in I % (w/v) SDS and 2% (v/v) 2.mercaptoelhanol. 
and after electrophoresis. the gels were stained by the method of 
Fairbanks et al. [l6]. 
lmmunoblotting was performed essentially as described before [ 171. 
Proteins separated by electrophoresis were transferred electrophoreti- 
tally from the gel to polyvinylidene difluoride membrane filters. Then 
the filters were immersed in 5% skimmed milk solution for at least I 
h, transferred to the same solution containing antibody against sapc- 
tin (5 @ml) and kept at 4°C for I2 h. They were then washed well. 
transferred to 5% skimmed milk solution containing radioiodinatcd 
anti-rabbit IgG (2 )( IO’ cpm) and kept for 4 h at 4°C. Finally they 
were washed well. dried and subjected to autoradiography. 
Cell proliferation was measured as incorporation of [>H]thymidinc 
into DNA during culture for 24 h. For this, I-4 x 10’ NIH-Sape-4cclls 
wcrc seeded in 500~1 of medium in wells and cultured at 25°C. DNA 
KIS labeled by adding IO ~1 of the same medium containing I /.Ki ol 
“Hlthymidinc (Amcrsham, 25 Ci/mmol) at an appropriate time and 
ifter 24 h. the medium was discarded and the cells wcrc washed well 
with saline. Finally the cells were suspended in OS ml of 0.5 N NuOH 
solution. 0.5 ml of ice-cold 60% trichloroacetic acid solution was 
added, and acid-insoluble radioactivity was trapped on a glass libcr 
filter (Whatman, GF/C) and measured. 
3. RESULTS 
As the sapccin is activated transiently in the early 
embryonic stage of Srrwplrcqcl, sapccin prcsurnnbly 
plays some role in the embryonic dcvclopmcnt of &rr- 
c~plrt~~u. NIH-Sape-4 cells arc an csti\blishcd ccl1 lint 
dcrivcd from a Smvphrgcr embryo [ 181. and the cells 
product snpccin and sccrctc it into the medium when 
cultured in M-M medium (I]. As WC arc intcrcstcd in the 
biolopictll function of sapccin in the ctcvcl~>pmcnt of 
f 0 e, 1 2 3 
CulttJre Bay ( day I 
Fig. 2. Inhibition of cell proliferation by anti-sapecin IgG. NIH-Sape- 
4 cells were seeded into 500 ~1 of M-M medium at a density of I .5 x 
lo-’ cells/ml. The medium contained 80 pg of anti-sapecin IgG (m) or 
normal IgG (C). or no addition (m). Culture was carried out at 25°C. 
and after 0,24 h or 48 h of culture. I jKi of [‘Hlthymidine was added 
to the medium. The cells were harvested 24 h later and the radioacti- 
vity incorporated into DNA was measured. 
Suvcopltagga, we tested if sapecin produced by NIH- 
Sope-4 cells is required for their growth. For this, we 
raised antibody against sapecin and tested if it inhibited 
the proliferation of NIH-Sape4 cells. The specificity of 
the antibody against sapecin (IgG) used in this experi- 
ment is shown in Fig. 1. On immunoblotting, culture 
medium of NIH-Sape-4 cells containing sapecin gave a 
single band in the position of authentic sapecin. indica- 
ting that the antibody reacted specifically with sapecin. 
The effect of this antibody on proliferation of NIH- 
Sape4 cells was examined by seeding I .5 x 10’ cells/ml 
in 500 ~1 M-M medium containing the antibody and 
adding [“I-Ilthymidine 0, 24 and 48 h later for 24 h 
periods. As shown in Fig. 2, DNA synthesis, measured 
as incorporation of [“Hlthymidine into the cells, was 
markedly repressed in the presence of the antibody 
against sapecin, but scarcely affected by normal IgG. as 
judged by comparison with that in control medium with- 
out additions. 
As the antibody against sapecin inhibited cell prolife- 
ration, we next tested whether added sapecin restored 
proliferation. After being exposed to the antibody, no 
significant rccovcry of cell proliferation was observed in 
the prcscncc of cxogcncously uddcd sapccin in M-M 
medium (data not shown). Thcrcforc. WC used Grace’s 
insect medium. NIH-Sapc-4 cells prolifcratc in this mc- 
dium only in the prcscncc of 5-20% FCS. and the extent 
of prolif’cration dcpcndcd on the amount of added FCS; 
in the prcscncc of 3% FCS. no significilnt cell prolifcra- 
tion is dctcctcd, but the viable ccl1 number rcmaitls 
constant for at Icast G days. 
C’clts wcrc cultured with VilrioUs amounts of sapccin 
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in Grace’s insect medium supplemented with 3% FCS 
for 24 h, and then [3H]thymidine was added, and after 
culture for another 24 h, cell numbers in each well and 
radioactivities incorporated into the cells were determin- 
ed. As shown in Fig. 3, both the cell number and the 
radioactivity incorporated into the cells increased signi- 
ficantly with increase in the amount of sapecin added 
to the medium. Thus addition of sapecin stimulated the 
proliferation of NIH-Sape4 cells under these condi- 
tions. Probably, sapecin is essential for growth of NIH- 
Sape4 cells, and is not. synthesized in Grace’s insect 
medium supplemented with 3% FCS, but is synthesized 
in this medium supplemented with higher concentra- 
tions of FCS that allow cell proliferation. 
To demonstrate that the substance that stimulated 
cell proliferation was in fact sapecin, we fractionated the 
sapecin preparation by HPLC and examined which 
fraction stimulated incorporation of [3H]thymidine. As 
is evident from Fig. 4, the activity to stimulate incorpo- 
ration of [3H]thymidine coincided with the peak of sape- 
tin, and no other fraction contained activity. Thus, 
clearly sapecin itself has this activity. 
A further possibility was that a small protein like 
sapecin has activity to stimulate cell proliferation non- 
specifically. To examine this possibility, we tested whetk- 
er sarcotoxin IA, another antibacterial protein of SW 
cophagcl consisting of 39 amino acid residues [ 191, stim- 
ulated cell proliferation. As shown in Fig. 5, sarcotox- 
in IA had no effect on cell proliferation under the con- 
ditions in which sapecin stimulated their proliferation 
significantly. Therefore, sapecin seems to have specific 
ability to stimulate proliferation of embryonic cells. 
4. DISCUSSION 
We showed in this paper that sapecin has activity to 
stimulate the proliferation of embryonic cells. Sapecin 
has been shown to have potent lethal effects on bacteria, 
so this is the second biological activity of sapecin dem- 
onstrated. Some insect proteins may function in two 
ways depending upon the physiological condition of the 
insects, because we previously demonstrated dual roles 
of S~rrcop/tagcc le tin [9]. Sapecin is the second defense 
I s 0 !xJ 100 
Sapacln ( yg/ml 1 
Fig. 3. Effect of sapecin on proliferation of NIH-Sapc-4 cells. NIH- 
Sape-4 cells were cultured in 500 ,uI of Grace’s insect medium contain- 
ing 3% FCS serum and various amounts of sapecin. [‘Hlthymidine (I
.Ki: was added to the medium after 24 h and DNA was labeled for 
24 h. Then the cell number and radioactivity incorporated into DNA 
were measured. (M), cell number; (e), radioactivity. 
protein of Surcophugu found to have dual roles. These 
proteins may have had only one function, but have 
acquired the second function during evolution of in- 
sects. 
Two points need discussion. (1) Although antibodies 
against sapecin significantly repressed the proliferation 
of NIH-Sape-4 cells, exogeneously added sapecin could 
not neutralize the effect of the antibody in M-M me- 
dium. As sapecin is an amphiphilic molecule, it may be 
integrated into the’cell membrane as an intrinsic compo- 
nent. If this intrinsic sapecin is essential for cell prolife- 
ration, and if it is not easily replaced by exogeneously 
added sapecin, intrinsic sapecin blocked by the anti- 
body may remain in the membrane irrespective of the 
presence of exogeneous sapecin. 
(2) Although added sapecin stimulated cell prolifera- 
tion in Grace’s insect medium supplemented with 3% 
FCS, the concentration needed for this effect was very 
high compared with the effective concentrations of 
Frectlon Number 
Fig. 4. Coincidcncc of sirpccitl iltld cell prolifcrilti0ll stinlulalitrg activity 011 HPLC. Puriikd sapccirl W35 applied to il rcvcrsc-plmsc iIl’tC column 
(C,#) and clutcd \bith ;I liwztr grudicnt of acctonitrilc, its dcscrihcd bcrorc [I]. Ahsorbancc ut 281) IIIH tV;IS InonitcrcJ. f3ch t’raction ws lyophilixcd, 
nnd the rcsiduer wcrc dissolved in Gncc’n insect nrcdiuttr cutlt;lining 3% KS calf scrunj for ass;~y or their ctlkz~s on prolikr;ltion of NIH-Sapc-4 
cells. Cell pralifcr;ttintl was aax;lycd by Incaswing DNA nynthcsis. (0). abaorlxmcc LI\ 2X0 nm; ( ). ritdioactivity or[‘ll]thyrnidinc incurpor;~tcd into 
DNA: t...,.. ). conccntriltioii 0r xctcrnilrilc. 
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Fig. 5. Effect of sarcotoxin IA on cell proliferation. The effect of 
sarcotoxin IA on the incorporation of [‘Hlthymidine into DNA was 
compared with that of sapecin. NIH-Sape-4 cells were labeled with 
[“Hlthymidine for 24 h in Grace’s insect medium containing 3% FCS, 
in the presence or absence of sapecin or sarcotoxin IA at the indicated 
concentrations. and then incorporated radioactivity was measured. 
mammalian growth factors. Probably, the mode of ac- 
tion of sapecin is different from those of mammalian 
growth factors. NIH-Sap& ~11s produce sapecin in 
M-M medium when they are growing, but the amount 
produced in much lower than the amount needed for 
stimulation of cell proliferation in Grace’s insect me- 
dium. Possibly, intrinsic sapecin is present only in grow- 
ing cells, and it is not present when the cells are in the 
resting condition in the Grace’s insect medium. If the 
efficiency of integration of exogeneously added sapecin 
is much lower than that of endogeneous apecin, a lar- 
ger amount of sapecin may be needed for the cells to be 
competent for growth. 
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